Summary
Introduction
Overweight and obesity increase the risk of diminished psychological well-being and health-related quality of life ( i.e., physical, mental, emotional and social functioning) (1, 2) . Obesity and its comorbidities, including cardiovascular disease and depression, have become increasingly prevalent in the USA (3) . Commonly cited pathways for the effect of body weight on psychological well-being include impaired physical functioning (e.g. limited mobility and sleep apnea) (4), increased rates of chronic disease (e.g. type 2 diabetes and hypertension) (5) and social stigma (e.g. being perceived as lazy) (6) . A less recognized potential pathway between body weight and psychological well-being is suboptimal intake of polyunsaturated or 'essential' fatty acids (7) . A few epidemiological studies and small clinical trials support an inverse association between essential fatty acid intake and depression, anxiety and hostility; however, because mental health is such a relevant contributor to the global burden of disease, more research is needed to understand its interplay with diet (8) (9) (10) (11) (12) .
Omega-3 fatty acids (n-3 FAs) are known to reduce the risk of heart disease by lowering blood pressure and reducing inflammation (3) . Further, n-3 FAs play an important role in essential body functions, including improving cellular communication in the brain and reducing blood clot formation (13) . The most commonly consumed n-3 FA is α-linoleic acid (ALA), which is found in the highest concentrations in soybean and canola oils in the Western diet (14, 15) . However, the two essential n-3 FAs with the highest concentration in the brain that are primarily responsible for its anti-inflammatory effectseicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) -are only abundant in fatty fish and some shellfish (3) . Marine sources are thus considered the best sources of dietary EPA and DHA (16) .
As aforementioned, low levels of essential n-3 FAs may be a modifiable risk factor for mental illnesses, with suboptimal intakes associated with clinical depressive disorders, pessimism and impulsivity (17) (18) (19) . While not all studies find an association between n-3 FAs and psychological well-being (20, 21) , a number of epidemiological studies have found a significant inverse relation between intake of n-3 FAs from marine sources and the prevalence of depressive symptoms (22) . Further, several studies show lower levels of circulating n-3 FAs in the blood of depressed patients as compared with healthy control subjects (23) (24) (25) (26) (27) (28) . While total n-3 FA intake may be high due to consumption of processed foods containing canola and soybean oil, mean intake of EPA and DHA from marine sources is low in the Western diet, with the average American adult consuming less than half of the recommended 250 mg/d (29) .
By contrast, the intake of omega-6 (n-6) FAs has more than tripled within the past 55 years with the increased use of cooking oils, shortenings and margarines in processed and fast foods (30) . N-6 FAs are most prevalent in the form of linoleic acid (LA), found in vegetable oils (such as corn, canola and soy) used in processed foods and animal products (31) . The downstream metabolites of LA are pro-inflammatory, with the increased risk of inflammation associated with a variety of both physical and mental illness (32, 33) . Although moderate n-6 FA intake is essential to support brain and body functioning, several studies have found a relation between high n-6 FAs and depressive symptoms, with the risk of developing depressive symptoms increasing with the amount of processed food consumed (34, 35) . Whereas the Institute of Medicine has indicated that n-6 FA adequate intake ranges from 11 to 12 g/d for women and 14 to 17 g/d for men (36) , recommended intakes for n-6 FAs are contentious. Further, because n-6 and n-3 FAs compete for the same conversion enzymes in vivo, recommendations are more interpretable as a ratio of n-6 : n-3, which is ideal at 2:1 (37), and it is suggested that LA intake is limited to 2.0% of total energy intake (37) to allow for optimal conversion of ALA to EPA and DHA (3) . Research supports that diets with a high n-6 : n-3 ratio are significantly associated with depressive symptoms (38) (39) (40) (41) (42) .
Persons with overweight and obesity are known to consume a diet with a high n-6 : n-3 ratio, with excessive intake of FAs from animal-derived fats and refined grains (43) and insufficient consumption of n-3 FAs (especially EPA and DHA). However, it is unknown whether essential FA intake is associated with depressive symptoms among a sample composed exclusively of persons with overweight/obesity who are already at risk for both inflammation and impairments in mood due to excess weight. This question has particular relevance for individuals seeking behavioural treatment for weight loss and for weight loss in general, which typically produces improvements in mood as a secondary benefit (44) . If suboptimal essential FA intake at baseline is associated with higher levels of depressive symptoms, there may be reason to believe that targeting n-3 and n-6 FA consumption among individuals could help to maximize the beneficial effects of behavioural weight loss treatment on psychological well-being. Therefore, this study aimed to examine associations between n-3 and n-6 FA consumption and depressive symptoms among persons with overweight/obesity seeking behavioural weight loss treatment.
Research design and methods

Study design and participants
This study involved secondary analysis of baseline data from an 18-month randomized controlled trial of behavioural weight loss treatment. The sample consisted of participants between the ages of 18 and 70 years, with a body mass index (BMI) of 25-45 kg m 2 . Study exclusion criteria included: current participation in another weight loss programme; weight loss of ≥ 5% body weight during the prior 6 months; current use of weight loss medication; report of chest pain during physical activity or a heart condition; medical conditions that might render unsupervised unsafe physical activity; less than 6 months post-partum or planning to become pregnant within the approaching 18 months; plans to relocate outside of the geographic region; history of a diagnosed eating disorder excluding binge eating disorder, substance abuse or other serious untreated psychiatric problem (e.g. bipolar disorder) that would preclude them from following study protocol. Participants were recruited via advertising in local print media and flyers mailed to the home. Screening for eligibility was conducted by phone. Participants then attended a baseline orientation and an assessment session, where they completed informed consent procedures, had their height and weight measured and completed questionnaires described later. Study procedures were approved by the Institutional Review Board of The Miriam Hospital of Providence, RI, USA.
Measures
Body weight was measured to the nearest .1 kg, in light clothing and without shoes, on a digital scale. Height was measured to the nearest millimetre using a wall-mounted stadiometer. BMI was calculated as kg/m 2 . Participants completed a demographic questionnaire reporting their age, sex, race, ethnicity and level of education. Characteristics of participants' diets, including daily total energy intake (kcal); percent of daily energy from carbohydrate, fat and protein; and daily consumption of n-3 (both total and ALA, EPA and DHA individually) and n-6 FAs and their ratio (n-6 : n-3) were estimated using the Block Food Frequency Questionnaire (FFQ) (45) . This validated self-report measure assesses the frequency, portion and preparation of 110 food and drink items consumed over the past year. Research supports that reported essential FA intake from an FFQ reliably correlates with serum levels (46) . Depressive symptoms were measured by the Center for Epidemiological Studies Depression Scale (CES-D 10), a validated measure shown to have high internal consistency and sensitivity in identifying depressive symptoms among adult populations (47, 48) . The 10-question scale measures depressive symptoms such as: feelings of loneliness, helplessness, sleep disturbance and psychomotor retardation ('I could not get going'). Participants recorded the frequency of depressive symptoms during the previous week on a four-point scale, ranging from 0 ('less than one day') to 3 ('most or all of the time').
Statistical analyses
All analyses were completed using IBM SPSS Statistics for Windows, Version 20.0 (Released 2011, IBM Corp., Armonk, NY, USA). Descriptive statistics including means with standard deviations and counts with percentages were used to characterize participants' demographic and anthropomorphic characteristics, dietary intake and depressive symptoms. Bivariate correlation was used to test for associations between BMI (kg/m 2 ), depressive symptoms and dietary characteristics. Separate linear regression models were used to predict depressive symptoms from daily intake of n-3 (both total and ALA, EPA and DHA individually) and n-6 FAs and their ratio (n-6 : n-3), controlling for BMI (kg/m 2 ), gender and daily total energy intake (kcal).
Results
Four participants were excluded from analysis as they were clear outliers (≥10 standard deviations beyond the mean) on FFQ measures. The remaining n = 188 participants included in the analysis were largely female, middle-aged, non-Hispanic White with at least a college education ( Table 1 ). The majority (n = 156, 83%) were obese (BMI > 30 kg/m 2 ), and depression scores were low to moderate on average, ranging from 0 to 24 out of a maximum of 30. Table 1 shows that participants reported a diet high in fat (38% of total energy intake) and high in n-6 FAs (14 g/d). Total n-3 FA intake was also high (1.5 g/d) but consisted mostly of ALA (1.36 g/d) with very low levels of EPA (0.04 g/d) and DHA (0.07 g/d). Table 2 shows the recommended daily intakes for n-3 and n-6 FAs in comparison with levels reported by participants. On average, this sample reported consuming less than recommended levels of EPA and DHA and more than the recommendations for n-6 FAs. The n-6 : n-3 ratio shows that participants consumed 9.38 g of n-6 for every 1 g of n-3 FAs.
Results of the bivariate correlations are presented in Table 3 . Higher levels of depressive symptoms were significantly associated with higher total energy intake and consuming higher levels of n-6 FAs. Consuming an additional 35 kcal or 0.3 g of n-6 FAs per day was associated with a one-unit increase in depressive symptoms. Notably, depressive symptoms were not associated with BMI (kg/m 2 ), n-3 FAs or n-6 : n-3 ratio. Linear regression analyses controlling for BMI (kg/m 2 ), gender and daily total energy intake failed to find an association between depressive symptoms and total n-3 FA intake (b = À.63, SE = .77, t = .812, p = .418), n-6 (b = .02, SE = .79, t = .238, p = .812) or the ratio of n-6 to n-3 (b = .16, SE = .18, t = .902, p = .368). The same pattern held when testing ALA, EPA and DHA in the model instead of total n-3 FA intake.
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Discussion
In this study of persons with overweight or obesity presenting for behavioural weight loss treatment, n-3 FAs (both total and ALA, EPA, and DHA individually) were not related to depressive symptoms, and n-6 FAs were only related to depressive symptoms before controlling for total energy intake. This stands in contrast to epidemiological studies linking higher n-3 FA intake and lower levels of depressive symptoms in national populations (42, 49) , several of which found an association with a higher ratio of n-6 :n-3 and increased depressive symptoms (39, 50, 51) . In this sample, the link between omega FAs and depressive symptoms was likely masked by the limited range in EPA and DHA intake, and a pre-existing inflammatory state stemming from overall poor diet and excess weight (52, 53) .
Obesity is associated with both chronic inflammation and depression (54) (55) (56) . Therefore, we hypothesized that omega FAs, which are thought to affect mood via regulation of inflammatory pathways, might be related to depressive symptoms in a sample of persons with overweight or obesity (57-59). However, chronic inflammation, which is a hallmark of overweight/obesity, could overwhelm any positive effect of n-3 FA intake on inflammation, thus explaining our null findings. Furthermore, animal models show that a high-fat diet can increase depressive symptoms via brain inflammation, even in the absence of obesity (60) . Additional research incorporating biomarkers to measure omega FA levels and inflammatory states is needed to test for this possibility. The strength of the association between FAs and depressive symptoms for normal weight versus persons with overweight/obesity should also be compared in national samples.
The observed pattern of omega FA intake also limited our opportunity to detect effects on depressive symptoms. The majority of n-3 FA intake was via ALA, which is only likely to have anti-inflammatory effects when converted by the body to EPA and DHA. However, very little of ALA is converted to EPA and DHA in the presence of high levels of n-6 FAs because of competition for enzymes (61) . In this sample, n-3 FAs were unlikely to have an anti-inflammatory effect and subsequent positive effects on depressive symptoms, both because (i) Overall consumption of EPA and DHA from fatty fish and shellfish was well below recommended levels and (ii) Because of little opportunity to convert ALA to EPA and DHA given an unfavourable n-6 to n-3 ratio (29) .
While persons with overweight/obesity might be expected to report consuming poor-quality diets, the low level of EPA and DHA gleaned from rich dietary sources is an important finding of this study. EPA and DHA deficiency could have important health implications beyond depressive symptoms (14) . For example, low EPA and DHA are not only associated with obesity (62) but also with cardiovascular disease, attention deficit hyperactivity disorder and dementia (63) (64) (65) .
In contrast to n-3 FAs, the pro-inflammatory n-6 FAs (56) were consumed at much higher levels. While n-6 FAs might be expected to have an effect on depressive symptoms, they would likely do so by exacerbating an already elevated level of chronic inflammation (56) . Some evidence of this association was detected in the correlation between n-6 FA intake and depressive symptoms; however, the association was accounted for by total energy intake. This likely indicates that n-6 FAs served primarily as a proxy of overall dietary quality, as n-6 FA consumption is known to relate to both overall total energy intake and dietary quality (53, 66) . Furthermore, poor dietary quality is a known contributor to inflammation (41, 67) . Thus, the observed pattern of FA intake reinforces the hypothesis that chronic inflammation is an important influence in persons with overweight/obesity and that FA intake may not affect depressive symptoms.
Despite not finding a robust effect of FAs on depressive symptoms, the influence of FAs on mood may become more powerful as the behavioural weight loss seekers lose weight, improve the quality of their diet and become physically active, all of which might improve a chronic state of inflammation (48, 66) . Additionally, the omega FA profile would be expected to change in favour of increased n-3 FA intake via rich dietary sources and reduced n-6 FA intake. In this scenario, FAs could be expected to have a greater impact on depressive symptoms. Additional research is needed to determine whether individuals who are seeking to maximize improvements in mood, which are often seen as a secondary benefit of behavioural weight loss treatment (44), may benefit from coaching regarding the beneficial effects of a healthy FA profile. This study is important because it is one of few to explore associations between omega FA consumption and mood specifically in persons with overweight/obesity. This paper is also among the first to identify FAs as potentially important for maximizing improvements in psychological well-being that are typically achieved as a secondary benefit of behavioural weight loss treatment. The large sample size and use of a goldstandard dietary assessment tool are also methodological strengths. This study also has several limitations. First, the analysis was based on cross-sectional baseline data, so any causal or temporal relationship between dietary intake, mood and weight cannot be determined. Second, FFQs are known to be imperfect, as they provide an estimate of relative intake for total energy and FA intake. However, it is likely that, as a measure of inter-individual variability in total caloric intake and FA consumption, the measure was acceptable for the purposes of this study. Lastly, while the CES-D is an oft-used and validated measure, depressive symptomology was self-reported and could not be used to establish a clinical diagnosis of depression. Future direction might incorporate the use of a more sensitive instrument for differences in minor depressive symptomology.
This research contributes to a growing body of literature on the relation between FAs and mood. Additional research is needed to determine for whom and under what circumstances FAs are related to mood, and whether the effect of FAs can be harnessed to improve mood, particularly among populations such as the persons with overweight/obesity who are routinely observed to experience impairments in mood.
